who had developed severe hemolytic anemia following aortic valve replacement with a Starr-Edwards ball valve. 2 3 The anemia has persisted from 3 to 6 months following operation.
Hemolytic anemia following repair of ostium primum defect with a Teflon patch with a regurgitant jet through the mitral cleft has been described.4-7 Hemolytic anemia following insertion of a Lucite ball-valve into the aorta has been described in dogs.8 9 Scattered reports are now beginning to appear describing hemolytic anemia following aortic valve replacement. 10 11 Intracardiac and valvular turbulence with mechanical damage to the red blood cells was suggested as a possible mechanism for the anemia in these cases.
This paper reports studies of the red blood cell survival in a number of patients with aortic valvular disease, with aortic valve replacement, and with multiple valve replacement to determine if the ball-valve prosthesis has hemolytic properties that predispose to the development of hemolytic anemia.
Methods and Investigations
Red blood cell survival was measured in 20 normal subjects, in 21 patients with aortic valve disease, in 12 patients following aortic valve replacement, four of whom were studied preoper-valve replacement, two of whom were studied preoperatively. Cardiac catheterization was done the same day that survival studies were started in all cases except five. These five studies were all done postoperatively and, as was true for all postoperative survival studies, were begun 3 to 12 months after surgery.
Red blood cell survival was determined with radioactive sodium chromate essentially by the method of Gray and Sterling.12 The patient's heparinized red cells were labeled in vitro with 100 ,uc. of sodium chromate. After incubation for a period of 30 minutes at 37 C., the sodium chromate was reduced to chromic chloride by the addition of 50 mg. of ascorbic acid. The blood was then spun down at 1,000 revolutions per minute for 10 minutes and the plasma was removed. The red cells were washed twice and reconstituted to their original volume with sterile saline. Twenty milliliters were then reinjected intravenously. The first sample was obtained 15 minutes after injection of the labeled cells. Subsequent samples were obtained at least three times a week for 2 weeks and then once a week for 3 weeks. The radioactivity of these samples was compared with the radioactivity of the 15-minute sample. The conventional half-survival time of labeled cells is that time when the ratio of observed activity to initial activity reaches 50 per cent. 13 In most patients there was an initial rapid loss of some of the labeled cells followed by a slower loss of labeled cells from the circulation. The double exponential curve which resulted when the activity of the labeled cells was plotted on semilogarithmic paper has been described mathematically by Rigas.14 We have analyzed our results by his equation (fig. 1 Five patients failed to show a second population (C1) of rapidly destroyed red blood cells. Four of these had normal red cell survivals. The fifth patient (case 18) had a shortened T/2 of 17 days due to accelerated rate of destruction (r2) of her single population of red cells of 3.63 per cent destroyed each day.
There was no correlation demonstrated between the red blood cell survival and the severity of the valvular disease as determined by the magnitude of the transvalvular aortic systolic pressure gradient, the calculated valve area, the cardiac output, the stroke volume, or the presence or absence Five patients were studied preoperatively; and then restudied after insertion of valve prostheses. In four the aortic valve was replaced; in the fifth both the aortic and mitral valves were replaced. In all of the single valve replacements T/2 was increased after surgery despite minimal aortic insufficiency in case 46. Case 51, with mitral and aortic prostheses, had regurgitation around the aortic prosthesis. In contrast to the other patients in this group the postoperative value for T/2 was shorter than preoperatively (table 5 Comparison of red cell half-life before and after aortic valve replacement. T/2 increases after insertion of aortic prosthesis unless a leak develops around the prosthesis.
tocrit level at this time was 45 per cent. Patient 49 had a positive Coombs test after aortic and mitral valve replacement. T/2 was determined 4 months after operation and was found to be 22 days with a second population (C1). At this time the Coombs test was negative.
Discussion
Stohlman and associates8 described a hemolytic syndrome in dogs after the insertion of a Lucite ball-valve prosthesis between the apex of the left ventricle and the aorta. They reasoned that the hemolysis was due to mechanical damage to red blood cells caused by direct trauma from the prosthesis. Po-Tun-Fok and Schubothe20 studied factors that influence mechanical hemolysis of red blood cells. They produced hemolysis of red blood cells by rotating human erythrocytes in a flask containing quartz beads. They concluded that direct mechanical trauma was probably not the cause of the hemolysis because the difference in size between the beads and the cells limited area for contact.
They suggested that hemolysis was probably produced indirectly by currents and turbulence in the blood as a result of the rolling movements of the quartz beads. This concept is further supported by Fleisch,23 who produced hemolysis with a rotating cylinder in a blood sample. Cases of hemolytic anemia following incomplete repair of ostium primum defects have been described by several authors.4-7 These patients had the common finding of a residual cleft in the mitral valve, which allowed a jet of blood to regurgitate against the interatrial septum during systole. The When patients who had prosthetic replacement of the aortic valve were studied, the red blood cell survival was shortened by an amount similar to those cases with aortic valvular disease. The values for T/2, C1, and r1 were very similar in those cases of aortic valve replacement not complicated by regurgitation. It is as if one turbulence or currentproducing situation had been replaced by another in the postoperative period, so that the same destructive forces were being applied to the red blood cell membrane to cause increased red cell destruction.
Under these conditions of a pre-existing shortened red blood cell survival the addition of a minor traumatic disturbance or the creation of more turbulence would be expected further to increase the random destruction of red blood cells. If the trauma or turbulence were severe enough, red blood cell survival could be shortened to the point of hematologic decompensation with the production of anemia. Development of re-gurgitation around the prosthetic valve would be expected to cause additional turbulence and red blood cell destruction. but he had mild regurgitation around the aortic prosthesis. This patient had also been studied preoperatively. His postoperative survival was shorter than his preoperative survival. In the postoperative study the percentage of randomly destroyed red blood cells was found to be more than double the percentage of randomly destroyed red blood cells in the postoperative study. Although the number of patients studied before and after operation are small, the results suggest that the normally functioning aortic valve prosthesis produces less hemolysis than the pre-existing aortic valvular disease. If, however, the prosthesis is malfunctioning, there is more intracardiac turbulence and more hemolysis is produced than is produced in the preoperative patient.
When the patient's cells were transfused into a normal recipient approximately 10 per cent were rapidly destroyed but the remaining cells had a normal survival (r2 = 0.020). This suggests that approximately 10 per cent of the transfused cells had been damaged by the turbulence of the patient's circulation but the remaining cells were undamaged and survived normally in the recipient. The elevated value for r2 for the patient's cells in the patient indicates that damage continued during the whole period of the survival study. This is suggestive evidence for an extracorpuscular cause of red cell destruction.
The mechanism of the shortening of the red blood cell survival appeared to be variable. In some patients it was due to a large percentage of initial subpopulation of rapidly destroyed cells (C1, r1), in others to an accelerated rate of destruction of the principal cell population and in the remainder to a combination of these two mechanisms. There did not appear to be any correlation between the severity or nature of the valvular disturbance and the method involved in the red blood cell destruction.
In A detailed analysis of the survival curves suggested that in many patients there was more than one population of red blood cells. The first population displayed rapid random destruction. This population was not present in normal persons in the control group. The second population showed the usual decline in radioactivity due to random destruction and loss of the red cell label due to elution. The shortened red blood cell survival in some patients was due to a large percentage of the first population of randomly destroyed red blood cells, in other patients to an accelerated rate of destruction of the usual single population of cells while others had a combination of the two mechanisms.
A mechanism of mechanical hemolysis due to increased intracardiac turbulence was suggested as a cause for the shortened survival. When the turbulence was increased by a leak around the aortic or mitral valve prosthesis the red blood cell survival was found to be furthier decreased. In some cases this reduction in survival was enough to produce hemolytic anemia.
The Coombs antiglobulin test was positive in three patients. The suggestion was made that the development of autoantibodies to red blood cells was secondary to increased destruction of red blood cells.
